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This study was carried out on a 26-year old dentist, who wasfound to respond
with itching, vivid erythema, edema and vesiculation to contact with solutions
of procaine hydrochloride.
Hypersensitivity of the epidermis (eczematous allergic reaction) to procaine
and its salts is a rather common condition in dentists, much more common
than in surgeons. It may be assumed that this is so because dentists handle
procaine with ungloved hands, and consequently acquire hypersensitivity by
frequent contact.
We endeavored to establish the specificity or group specificity of this hyper-
sensitiveness. In other words, we attempted to find out whether the allergic
response is obtained by procaine alone, or whether related compounds or single
parts of the procaine molecule have a similar effect. Such study may have
theoretical and practical implications.
Theoretically, we wanted to determine whether group specificity in epidermal
hypersensitiveness, without antibodies in the serum, follows similar patterns as
do the serological immune reactions. The group specificity of the latter reac-
tions has been studied in great detail by K. Landsteiner and his co-workers (1).
L. Pauling (2) extended these studies and developed a stereochemical theory of
antibody formation. The theory postulates that the steric configuration of the
antibody is complementary to that of the antigen; the hapten group fits into a
pocket of the antibody. All the known facts are in complete agreement with
Pauling's theory.
Practically, such a study may enable us to give directions to the patient as to
which groups of local anesthetics are offenders of his skin, and which are not.
EXPERIMENTAL
Regular patch testing of our patient with 2 per cent aqueous solutions of pro-
caine hydrochloride, procaine borate and procaine butyrate caused strong vesic-
ular reactions. A similar reaction was obtained when one drop of either of
these solutions was applied to the skin, allowed to remain there for exactly five
minutes, then removed with a blotter, and the spot left uncovered. Subse-
quently this simple "drop method" was used in all experiments. Special
care was taken to apply drops of equal size. We found that this method yielded
more constant results than the regular patch tests in which it was rather difficult
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to work with equal volumes, and irritation by adhesive tapesometimes disturbed
the observation. The reactions were observed and noted after 24 hours in the
regular experiments, and daily, up to 10 days, in the experiments for establishing
of threshold concentrations.
The threshold concentration of procaine, at which the skin reaction became just
visible after several days was found to be at 1:36,000 with aqueous solutions of
procaine hydrochloride, as well as with the pure base of procaine dissolved in
triethanolamine. In qualitative testing of related compounds the concentration
of all solutions was 2 per cent, i.e. about 900 times the threshold concentration
of procaine. Thus negative results with 2 per cent solutions could be regarded
as conclusive. All bases were dissolved in triethanolamine; all salts in water.
Procaine has the structure of an ester. The two compounds forming this ester,
namely the acid, p-aminobenzoic acid and the alcohol, 3-diethyl-aminoethanol,
when tested separately in 2 per cent concentration, dissolved in triethanolamine,
did not cause any reaction in our subject (Table 1, Fig. 1).
Landsteiner (1) observed that free acid groups are of great importance in im-
munological specificity. For instance, there are no cross reactions between anti-
gen and corresponding antisera of p-aminobenzoic acid on one hand, and its
methyl ester on the other. Therefore, we tested the esters of p-aminobenzoic
acid up to C5, but again obtained completely negative results (Table 2). Among
these esters, the isobutyl ester has a structure somewhat similar to that of pro-
caine, but its alcoholic chain does not contain the tertiary amine N, which is
present in procaine.
Four aliphatics compounds, all containing tertiary amines, including tn-
ethanolamine which was used as a solvent, have yielded negative skin tests
(Table 3).
The importance of the aromatic amino group for the skin reaction in question
was demonstrated by testing a great number of anesthetics without such a group
on the benzene ring, but with a tertiary amine in the side chain (Table 4). All
these compounds have been without effect, including intracaine which differs
from procaine only in having an oxyethyl group in para-position instead of an
amino group.
In the next step we were able to show that, in order to obtain a positive skin
reaction in our patients, the amino group has not only to be present on the ring,
but also it has to be present in the para-position. We synthetized the diethyl-
amino-ethanol esters of o- and m- aminobenzoic acids, compounds which were
different from procaine only in the position of the aromatic amino group (Table
5). The skin reaction to these compounds was negative.
In addition to procaine, positive reactions were obtained only with five com-
pounds, which all were commercially available local anesthetics, namely ponto-
caine, monocaine, butyn, tutocaine and larocaine (Table 6).
Pontocaine has a side chain similar to that of procaine, inasmuch as there are
two C atoms between the tertiary amine N and the C atom of the carboxylic
group. But it differs from procaine by having an H atom of the aromatic
amino group substituted by a butyl radical, and having two methyl groups at-
tached to the tertiary amine N, instead of two ethyl groups.
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In monocaine, the position of the amine N is similar to that in procaine and in
pontocaine, but it is a secondary amine, and the attached alkyl chain is different.
TABLE 1
Procaine and its components yielding positive and negative skin reactions, respectivey
NH2 para amino benzoyl
O
diethyl amino ethanol
C2H5/
COO—Cl2 CH2N
C2H5
NH2
O
para amino benzoic acid -diethyl amino ethanol
C2H5
COOH /
HOCH2CH2N
N
C2H5
Fin. 1. SKIN TESTS ("DROP METHOD") WITH PROCAINE HYDROCHLORIDE AND ITS
COMPONENTS.
1. Para-aminobenzoic acid; 2. 3-diethyl-aminoethanoI; 3. procaine hydrochloride.
In the three other compounds, the carboxylic group is separated from the
tertiary amine group by three instead of two C atoms, and the length and shape
of the alkyl chains show great variations.
'3
194 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
The threshold concentration of the six compounds causing positive reactions
was estimated by dilutions in geometrical progression of aqueous solutions.
The results, expressed in molar concentrations arc listed in Table 7.
Benzoic acid, anilin, phenol p-aminophenol, p-phenylenediamine and p-
TABLE 2
Alkyl esters of para-aminobenzoic acid
(Negative skin reactions)
NIL NH, NH,
p-aminobenzoic methyl ester ethyl ester
C
acid (henzocaine)
COOH COO.CH, 000C,ll,
NH, NH,
0
n-propyl ester iso-propyl ester
COO•C,H, COO—C—CH,
CII,
NIL NH, NH,
O
n-butyl ester iso-hutyl ester amyl ester
(butesin)
'r
COO•C4II, COO—C—C COOCH,,I\
H CII,
TABLE 3
Tertiary amines yieding negative skin reactions
C,H,
(C,II,),N triethylamine
/
HO.CH,CII,N\
C,H,
ethanol
diethylamine
(C,H,),NHBr triethylamine HBr
(HO CH,CH,) ,N triethariolamine
C,H,/
Cl CH,CII,N\
C,H,
/3-chioro ethyl
diethylainine
amino-m-hydroxybenzoic acid methylester (orthoform, old) yielded negative
results.
The passive transfer test of Praussnitz and Kuestner was negative for procaine
with the serum of our patient, an indication that there were no demonstrable
amounts of "passive transfer" antibodies circulating in the blood.
TABLE 4
Anesthetics with terticry amines yielding negative skin reactions
Q
alypin metycaine CIT3
02115 CH 011—0112
I / /
000—C—CH2N 0000H2CH2CH2N 0113
I /
0112 0113 0H2—C112
CH3—N—C113
H 02115
I /
CONC 112 C 112N
O
tovaine nupercaine 02115
0113 2
—004119
C00—C—CH2N N
02115 CH
—C00CHZ HNL=Ndiothane phenacaine
—C00CH 0HZ OH2
0112—N 0112 003115 002115/
C113—C112
002115
O
apothesine intracaine
02115 02115/ /
HC='CH0000H2CH2CH3N 0000H2CH2N
N N
02115 02115
TABLE 5
Ortho- and meta-anzinobenzoyldiethylaniinoethanol ("ortho- and ineta-procaine") yielding
negative skin reactions
ORTHO- ('\1N112 META-
I I 02115 I I 02115NH2 / /
C00CH2CH2N C00•CH2CH2N
N N
02115 02115
195
TABLE 6
Esters of para-aminobenzoic acid with secondary or tertiary amines in the Bide chain
(Positive skin reactions)
NH2 NH2
O
procaine larocaine
02H5 OH2 02115/ I /
0000H3OH2N COO 0H2—C—CH2N
02115 CH 03115
NH2
O
tutocaine
0113/
0000H—OHCH2N
Cl3 OH3 0113
NH2 procaine butyrate NH3
Q
monocaine
0411502
11/02115
3
000CH2CH2N 0000H3OH2N—CH2CH
03115 0118
C H2 C H2 0112 0118/
NH3 procaine borate NH2 NH
O
butyn pontocaine
5HB02
03115 04119 0113/ / /
0000H2CH3N 0000H2CH2CH2N COO CH2CH2N
03115 04119 C113
TABLE 7
Effective threshold concentrations of drugs yielding positive skin reactions
EPPECTIVE TERESHOLD
CONCENTRATIONS
Procaine hydrochloride mol
16,000
Butyn sulfate mol
65,000
Larocaine mol
500
Pontocaine mol
1000
Monocaine mol
500
Tutocaine mol
4000
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TABLE 8
Portion of molecule evoking positive skin reaction/
NI\CII/\:
C
c—o—c—c--c-:-N\ JL'V\0
DISCUSSION
In the past several attempts were made to establish the range of specificity
in epidermal hypersensitiveness to procaine and other local anesthetics.
C. G. Lane (3) dealt with the problem as early as 1921. His patients reacted
strongly to procaine, but not at all to apothesine and to cocaine. In 1928, L.
Schwarzschild (4) found that persons sensitized to the local anesthetic "Ortho-
form" (p-amino-m-hydroxybenzoic acid-methyl ester) also are hypersensitive
to "Neo-Orthoform" which is m-amino-p-hydroxybenzoic acid-methyl ester,
whereas they are not hypersensitive to esters of p-aminobenzoic acid without a
hydroxylic group on the benzene ring. Conversely, persons hypersensitive to
esters of p-aminobenzoic acid do not show allergic reactions to contact with
amino-hydroxybenzoic acids. The length of the alcoholic side chain in these
esters did not have any influence on the response in Schwarzschild's experiments.
Persons sensitized to p-aminobenzoic acid ethyl ester displayed equally strong
skin reactions to the propyl and isobutyl esters.
M. H. Goodman (5), studying a patient with procaine hypersensitivity in 1939
found that his patient reacted almost as strongly to p-aminobenzoic acid as to
procaine. The reactions to alkyl esters of p-aminobenzoic acid were found to be
decreasing with increasing length of the side chain. It was a rather disturbing
factor in the case of Goodman that the patient had a "collateral hypersensi-
tivity" to phenols and to anilin.
In the two remaining publications (6, 7), no relationship could be established
between chemical structure and reaction producing capacity in the analysis of
procaine eczema.
The group specificity in our subject was different from those reported previ-
ously. In our subject the allergic response required an antigen with the structure
of a p-aminobenzoic acid ester, in which the alcoholic side chain contains a
secondary or a tertiary amine nitrogen. The length of this side chain and corre-
spondingly, the position of the tertiary amine nitrogen was not decisive. Sub-
stitutions of H atoms by alkyl groups in the side chain, and substitution of one
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H atom in the aromatic amino group (pontocaine) did not abolish the antigenic
effect. The position of substitutions on the benzene ring proved to be of para-
mount importance for specificity in eczematous reactions (Table 8).
A similar behavior of serological immune reactions was demonstrated by
Landsteiner (1). Pauling and co-workers (8) showed that para-substituted
compounds have greater antigenic effectiveness than compounds with meta-
and ortho-substitutions. It seems that the pattern of group specificity in epi-
dermal hypersensitiveness, without demonstrable antibodies in the serum, fol-
lows a pattern similar to that of serological reactions.
At present we are unable to interpret our threshold values in their relation to
the chemical structure. It was expected that the threshold dilution would be
highest with procaine, the compound which actually sensitized the skin in the
course of dental practice. We also expected that the greater the deviation of the
molecular structure from that of procaine, the weaker would be the antigenic
effect. Instead, we found the highest threshold dilution with butyn, and there
was no relationship between effectiveness and similarity of the structure to that
of procaine.
The interpretation becomes complicated by our subject's statement that three
or four years ago he had worked with butyn, but in the last two and a half years
he had not used it. His hypersensitiveness to procaine became manifest two
years ago. In, any case, it has been a clinical experience that butyn has a greater
sensitizing power than procaine, non-occupational eczematous allergic reactions
being more frequent following the use of butyn.
SUMMARY
In the subject studied eczematous contact-type reactions were elicited with a
group of p-aminobenzoic acid esters which contain a secondary or a tertiary amine
in the side chain. The length of the side chain was irrelevant. Substitutions
by alkyl groups of H atoms in the side chain or of one H atom in the aromatic
amino group did not abolish the antigenic effectiveness. Benzoic acid esters
with a tertiary amine in the side chain, but without an aromatic amino group,
or with an amino group in meta- or ortho-position, were ineffective. The group
specificity in epidermal allergy follows a pattern similar to that of serological
reactions.
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Addendum. After completion of this manuscript the authors had the opportunity to
examine another dentist, 47 years old, who had been suffering from procaine eczema for
14 months. He displayed exactly the same group specificity as outlined above.
